Objective: To analyze the association between postural balance and anthropometric indicators in elementary school students.
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INTRODUCTION
Through body movements, children interact and act dynamically in physical and social environments. 1 However, for children to be able to act, they need body balance as a basic support. 2 This is defined as a sensorimotor integration that guarantees the maintenance of posture. 3 Postural control and stability are associated to the functions of the visual, proprioceptive and vestibular systems, as well as to neuromuscular control. 4 During childhood, there is an improvement in the patterns of postural control for the performance of the activities of daily living, with the maturation of the proprioceptive function at around 3 or 4 years of age. The visual and vestibular systems appear to reach the adult level at the age of 15 or 16. 5 In this context, in the first years of life, children are more dependent on visual information to the detriment of somatosensory and vestibular information, and it is only around 7 years of age that the information coming from these three sensorial channels is integrated in the same way as adults. 6 According to Schimid et al., 7 there is a correlation between the development of balance control and age in the pediatric population, since there is a clear modification in the postural strategies between the ages of 7 and 11 years in children with typical development.
Considering childhood as the most important stage of growth and development, the assessment of postural balance in children is relevant in order to determine the factors related to possible balance disorders, 8 since data report high rates of motor delays in Brazilian children. 9 In fact, Alonso et al. 10 reiterate that there are a number of factors which can compromise balance, including anthropometric ones.
In this sense, there seems to be a relationship between postural balance and nutritional status: overweight and obesity can influence a child's motor skills and postural control capacity. 11 Thus, larger size and body mass may contribute to postural instability in childhood. 4 Although studies discuss the existence of different postural strategies and reduced balancing ability in overweight children, 12 there is little research evidencing the influence of body mass on postural balance 13 , and the relationships between body balance and childhood obesity are little investigated. 3 With regard to the instruments to evaluate the postural balance of individuals, computerized dynamic posturography (CDP) is a gold standard in the measurement of the motor and sensorial contribution in maintaining balance.
14 CDP analyzes the visual, proprioceptive and vestibular information, their interaction with the Central Nervous System and the motor responses of lower limbs and body in general, through a platform with sensors that capture body movements in different situations. 15 Although there is much data on postural stability in the pediatric population, reliable and complete information on postural balance in this age group is still lacking, 16 justifying the evaluation of children through CDP.
Although studies have reported the influence of body weight on postural balance in children, the association between this variable and the neural systems responsible for postural stability is limited, which underlies the relevance of the present study. Thus, this study aimed to identify the association between postural balance and anthropometric indicators in schoolchildren from the first year of elementary school.
METHOD
This is a cross-sectional, descriptive and quantitative study, which included a convenience sample of students from a public school in the city of Uruguaiana, in the countryside of the Brazilian State of Rio Grande do Sul, in the first half of 2015. The inclusion criteria were: being enrolled regularly in the first year of elementary school; participants of both genders; aged between 6 and 7 years of age. The exclusion criteria were: children with any physical or cognitive impairment attested by a medical report; who did not participate in all stages of the study evaluation; or who were unable to perform postural balance assessments.
It should be noted that all ethical principles were respected, in accordance with the Declaration of Helsinki (2008) The children performed a postural balance assessment ( Figure 1 ) through CDP (EquiTest ® System -NeuroCom International, Inc.). The equipment has a reference surface, in which the subject remains in the orthostatic position. On this platform, there are pressure sensors, activated by the displacement of the weight of the individual on the sole of the foot, in response to the displacement of the body. The reference surface is surrounded by a mobile visual field, which undergoes anteroposterior displacements. 17 The assessment followed the criteria established by the manufacturer, including sensory organization tests (SOTs), and was conducted by a trained evaluator. For the examination, the child remained in an orthostatic and barefoot position, attached to the appliance by a vest, with their upper limbs hanging along their body and feet in a pre-designated location.
The SOTs present six conditions, which subject the individual to different sensory information, forcing them to use different strategies to maintain body balance. These tests consist of a noninvasive procedure that provides information on the integration and proportion of the visual, proprioceptive and vestibular components of balance 18 , as well as determine the performance of postural balance in the six different sensory conditions, evaluating the visual, proprioceptive and vestibular (SOT I, III and IV), proprioceptive and vestibular (SOT II and V), and proprioceptive (TOS IV) systems. The assessment of each condition lasts for 20 seconds and is repeated three times. The score varies from 0 to 100, and the higher the score, the better the postural balance of the subject. At the end of the test, the result is expressed by the total equilibrium index (composite) and by the sensory conditions evaluated. Normative data for six-year-old children were proposed in percentage by Casselbrant et al. 19 and used as reference values in the present study, being: SOT I = 85%; SOT II = 80%; SOT III = 78%; SOT IV = 62%; SOT V = 43%; SOT VI = 46%; and composite score = 64%.
The following anthropometric indicators were evaluated: weight, measured in an anthropometric scale, with the children in light clothing and barefoot; stature, verified by means of a wall-mounted stadiometer, in an upright position, with the children barefoot; and body mass index (BMI), calculated by dividing body mass (kg) by the square of height (m). For the classification of BMI, the criteria of the Brazilian Sports Project (PROESP-Br) were used, 20 which categorizes the results into four groups -low weight, normal weight, overweight and obesity.
For the data analysis, descriptive statistics were used primarily with the mean, standard deviation and frequency analysis values. To evaluate the normality of the data, the KolmogorovSmirnov test, which indicated a normal distribution, was applied. Differences in the SOT scores between the sexes were analyzed by Student's t-test for independent samples. Analysis of the differences in frequency distributions between the sexes was performed by Fisher's exact test. The correlation between SOTs and anthropometric variables was verified by the Pearson correlation test. The bivariate analysis was performed using the χ 2 test, in which anthropometric indicators related to body mass (normal, overweight, obesity) were associated with dichotomized SOTs (normal and deficit). For all analyzes, p-value <0.05 was considered significant.
RESULTS
Of a total of 119 children initially selected for the study, 39 were excluded because they did not meet the inclusion criteria established by the study. Thus, 80 children with a mean age of 6.2±0.8 years old were evaluated, with 47 of them being girls (58.8%). The analysis of the anthropometric indicators of the schoolchildren identified that 41.7% of them were out of normality patterns: 26.3% were overweight and 15% were obese. Considering genders, the female group presented overweight values of 31.9% and obesity values of 10.6%, while in the male group, the values were 18.2 and 21.2%, respectively.
The anthropometric characteristics of the sample are shown in Table 1 , with no significant differences between the genders. In the same table, the postural balance profile of the children is presented by means of descriptive measures of the SOT, both for the general group and by gender, as well as the reference values for this sample. It was evidenced, in the general group, that the means of conditions III, VI and the composite score were below the reference values. Regarding gender, there was a better balance in girls when compared to the boys, in the condition I of the SOT (p=0.03). Figure 2 shows the frequency of schoolchildren with below-normal reference values in the SOTs. The majority of the individuals evaluated presented balance indicators below normal in SOT VI and in the composite score for the age, and these values were more expressive in the female group in comparison with the male group, but without statistical significance between the genders. The correlation between the anthropometric variables and the SOT values is presented in Table 2 , which shows an inversely proportional and significant association of the BMI with the SOT in condition V, in the general group and in the female gender. Table 3 shows the association between the values below normal in condition VI of the SOT with overweight and obesity in the general group. With regard to sex, it was possible to identify an association between overweight and obesity and values below normal in condition V of SOT in the female group.
DISCUSSION
In the present study, an expressive percentage of children with anthropometric indicators outside of the normal range was found. In relation to postural balance, the children presented values below the reference values considered in two of the six sensorial conditions evaluated. Regarding gender, a better balance was observed in girls when compared to boys in condition I of SOT. Regarding the associations between the variables of the study, the BMI showed an inversely proportional association with the balance, and there was an association between balance deficit and overweight and obesity in the children evaluated. Regarding the anthropometric indicators, the present study showed a prevalence of 41.3% of children with above-adequate body weight, including 26.3% being overweight and 15% being obese. Likewise, expressive percentages of overweight and childhood obesity were also found in the study by Matsudo et al., 21 in which 485 children (aged 9 to 11 years old) were evaluated, In the present study, girls had a significantly higher SOT condition I than boys. These findings are in line with the study by Alves et al., 23 who, through SOTs, compared the postural balance of 282 children regarding sex and found that girls, aged 8 years, presented higher values in relation to boys in condition I of SOT, indicating a slight anticipation of the beginning of their maturation period. Authors report that, as in other systems, the maturation of systems responsible for postural balance seems to develop earlier in girls than in boys, 24 which could explain the differences found between genders in the present study.
In another study conducted with children aged between 7 and 10 years old, in which motor skills were compared between genders, the balance was higher in girls. 25 In fact, Ruiz et al. 26 report that static and dynamic balance skills tend to be better in girls than in boys. In this study, there was a significant association of reference values below normality in condition VI of SOT with overweight and obesity in schoolchildren, while in the female group, this association occurred in condition V of SOT. This relationship has been widely described in the literature, with special emphasis on its repercussions on the development of the neuromotor system, as demonstrated by Gentier et al. 27 These authors identified that obese children find it more difficult to integrate sensory information, which corroborates the findings of the present study, in which the nutritional condition negatively influenced the outcome of visual, vestibular and proprioceptive systems (condition VI of SOT).
Thus, Pau et al. 12 suggest the existence of different postural strategies and reduced balancing ability among overweight children. From the neurophysiological point of view, the stretching of the skin in obese children is believed to increase the distance between the cutaneous mechanoceptors and to reduce the discrimination of somatosensory perception. 28 Furthermore, the authors hypothesize that the body schema is constructed based on multisensory inputs, including cutaneous and proprioceptive receptors, and that, with obesity, these receptors can provide altered information of the somatosensory cortical area, modifying the representation of the body schema in obese individuals.
In this perspective, there is evidence that some sensory receptors in obese individuals could be associated with postural instability. 29 In addition, obesity causes a higher-than-expected pressure on children's feet. This seems to be related to the decline in plantar sensitivity, leading to a smaller capacity to receive sensory information and to promote postural adjustments. 30 Obese children experience greater difficulty in performing daily tasks due to poor postural stability, as shown by Lemos et al. 3 In their review, these authors found that the difficulty in maintaining the body balance in obese children is mainly related to the physical modifications of the body, combined to the smaller amount of body experiences.
Regarding gender, in the present study, there was an association between excess body weight and reference values considered in the proprioceptive and vestibular systems (condition V of SOT) only in girls. Thus, it is believed that girls' body balance is more affected by excess weight than boys'. Although studies have found that girls have a greater ability to use sensory information to maintain posture than boys, 23 the study found that excess body weight seemed to affect that ability in girls.
Considering that the study subjects are in the development phase and are in an age group where consistent changes occur in postural stability, the fact that the collection was performed in just one moment can be considered as an important limitation of the study. However, the results provide considerable evidence that overweight is capable of negatively influencing the postural stability of children, which serves as a warning of a further consequence of obesity for child development. In addition, other limitations of the study that can be highlighted are the fact that the sample was selected by means of convenience, as well as the absence of a calculation of the sample size.
In conclusion, it can be said that, in the present study, associations between excess body weight and values below normal were observed in some balance conditions, suggesting that anthropometric indicators may interfere in the children's postural balance.
